spite some limitations, the classification of the entire malposition (Lenke classification) is the most established classification, which is currently used as the foundation for determining the fusing levels for surgical treatment of idiopathic scoliosis. 3 
Cobb Angle
The standing anteroposterior (AP) or posteroanterior (PA) radiograph of the full spine is the basic tool for the radiologic quantification of coronal spine deformity. To achieve a high degree of standardization, the SRS has defined the Cobb measurement as the reference method.
1 The Cobb angle is measured between the two end vertebrae of a curve, which are defined as the most tilted vertebrae at the top and at the bottom of a curve. The Cobb angle is formed by the intersection of the following lines: a line perpendicular to the superior end plate of the cephalad end vertebra and a line perpendicular to the inferior end plate of the caudal end vertebra 4 (►Fig. 1).
Ferguson Angle
Alternatively, the degree of the coronal spine deformity can be determined by using the Ferguson angle. 5 In accordance with the measurement of the Cobb angle, the two end vertebrae of a curve are identified. In addition, the apical vertebra of the curve is determined. Traditionally the apical vertebra was defined as the most rotated and deformed but least tilted vertebra. The current definition of the SRS is simplified and describes the apical vertebra as the vertebra most deviated laterally from the central sacral vertical line (CSVL), a vertical line that passes through the center of the first sacral segment. 1 The measuring points identified are the midpoints of the end vertebrae bodies and the apical vertebra body, as shown in ►Fig. 2. The angle formed between the lines Keywords ► spine ► measurement ► MRI ► scoliosis ► degenerative changes
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Imaging criteria and radiologic measurements play a key role in the diagnosis of spinal diseases. In addition, they often create the basis of classification systems that determine the severity of the disease and thereby enable a stage-related therapy. A clearly defined nomenclature for imaging findings as well as standardized and thoroughly evaluated methods of measurement are necessary to achieve a sufficiently high diagnostic accuracy. Various specialized committees dealing with the diagnosis of spinal diseases have made efforts within the last years to develop diagnostic standards. This review provides an overview of radiologic measurements and classification systems that are currently used for the diagnosis of scoliosis and degenerative diseases of the lumbar spine.
connecting the midpoints of the end vertebrae and the apical vertebra equates to the Ferguson angle 5 (►Fig. 2).
Risser Sign
The degree of ossification present in the iliac apophysis is semiquantitatively assessed with the Risser sign, which allows an estimation of the skeletal maturity in patients.
6
Because the ossification of the iliac apophyses occurs approximately parallel to the ossification of the vertebral ring apophyses, the remaining growth potential of the spinal column can be assessed by using the Risser sign. 6 Idiopathic scoliosis tends to progress during the adolescent growth spurt. Prognosis is therefore more favorable in patients with advanced skeletal maturity and consequently with higher Risser stages. Because there was no staging performed in the original publication by Risser, differently defined staging models can be found in the literature. The classification system presented in ►Fig. 3 is widely used and has been recommended by the SRS. 1 The ossification of the iliac apophysis is radiologically detectable at the age of 12 to 15 years. It begins anterolaterally and progresses posteromedially. The apophysis starts to fuse with the os ilium roughly after the adolescent growth spurt and is generally completed after $ 3 years (21-25 years of age). Besides the Risser sign, other radiologic methods exist to assess skeletal maturity. However, because the Risser sign is determined on the full spine radiograph, the advantage is that no additional radiation exposure is required.
Coronal Trunk Balance
The lateral deviation of the trunk in the frontal plane is an indicator for the overall balance of the spinal column. 7 On a full-spine radiograph, a vertical plumb line is dropped downward from the center of the C7 vertebral body to the true horizontal. The distance between this line and the CSVL, which is a vertical line drawn through the center of the first sacral segment, equals the coronal trunk balance (►Fig. 4). 8 A negative value is measured when the vertical plumb line deviates to the left; a positive value is measured when the vertical plumb line deviates to the right. 
Nash-Moe Method of Vertebral Rotation
The degree of rotation of the apical vertebra can be estimated by the method of Nash and Moe. 9 The apical vertebra of a curve is the vertebra most rotated and laterally displaced. Rotation causes displacement of both pedicles of the apical vertebra toward the concave side of a curve. According to Nash and Moe, the vertebral body is divided into six segments and the rotation of the pedicle is assessed on a 5-point scale as shown in ►Fig. 5.
9

Topographic Classification
The simplest classification of scoliosis is based on the level of the apical vertebra. The following classification was developed in accordance with the SRS with the apical vertebra defined as the most laterally displaced vertebra of a curve (►Table 1).
1
Lenke Classification
One of the main goals pursued with the implementation of the Lenke classification was to create a classification that allows the assessment of scolioses with a high inter-and intraobserver reliability. 10 Since the method was introduced in 2001, this classification has been established as the basis for many orthopedists planning surgical procedures. 3 The basis of the Lenke classification comprises coronal and lateral full-spine radiographs as well as the right and left supine sidebending views. 10 Three essential factors are taken into consideration in the Lenke classification: curve type (1 through 6), lumbar spine modifier (A, B, or C) and the sagittal thoracic modifier (À, N, or þ) (►Fig. 6).
To determine the curve type, the Cobb angle for each curve is measured on the coronal full-spine radiograph. The greatest curve is defined as the major curve. The topographic classification of the curves is in accordance with the requirements of the SRS (►Table 1). The additional minor curves are evaluated by their flexibility and are categorized into structural and nonstructural curves. A structural minor curve is present if a curve > 25 degrees remains in the side-bending views or the kyphosis angle remains > 20 degrees in the lateral projection.
10 Six curve types can be distinguished with these parameters. The degree of the lumbar deformity, which has a great impact on the overall balance of the vertebral column and affects the proximal curve, is evaluated with the lumbar spine modifier.
10 For this purpose the CSVL is drawn as a vertical line to the true horizontal through the center of the upper sacral segment margin on an upright coronal radiograph.
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The vertebral body (lower thoracic or lumbar spine) that is divided equally by this line is defined as a stable vertebral body and the vertebra that is most laterally displaced from this line is defined as an apical vertebral body. Considering the course of the CSVL with regard to the stable and apical vertebrae, three subtypes of the lumbar spine modifier are defined (►Fig. 6).
The sagittal thoracic modifier is determined by measuring the thoracic kyphotic angle on the standing lateral radiograph. This means the angle between the superior end plate of T5 and the lower end plate of T12 is measured. In patients with adolescent idiopathic scoliosis, the kyphotic angles are often diminished (mean value $ 30 degrees; normal range: 10-40 degrees).
10,11 A value < 10 degrees is termed as hypokyphosis with a minus symbol. Normal values, abbreviated as N, range between 10 and 40 degrees, and values > 40 degrees are defined as hyperkyphosis and marked with an adjacent plus symbol. After evaluating all three parameters, the Lenke type is encoded with a three-digit permutation (e.g., 1B þ ) (►Fig. 6).
Degenerative Lumbar Spine Disease
Intervertebral Disk Heights
The knowledge of the physiologic sequence of the heights of the intervertebral disks on radiographs of the lumbar spine is a valuable tool to diagnose segmental pathologies with conventional radiographs. Dihlmann und Bandick postulated that the physiologic height of the intervertebral disk increases slightly from L1-L2 to L4-L5, but segment L5-S1 decreases or stays unchanged (►Fig. 7). 12 Later studies describe that in a fair amount of cases a slight continuous increase of the segment L5-S1 is normal. 13 The following order can be used as a rule of thumb for the physiologic intervertebral disk height sequence: L1-L2 < L2-L3 < L3-L4 < L4-L5 ! or < L5-S1
13
Lumbar Stenosis
Radiologic diagnosis of the lumbar spinal stenosis is complicated by a large number of imprecisely defined and inadequately evaluated methods of measurement. Although the interdisciplinary application of few validated methods of measurement would be favorable to achieve a high level of standardization, no unified guideline or consensus has been established so far.
14-16
Instead, a survey among 
Anteroposterior Diameter of Osseous Spinal Canal
The AP diameter of the osseous spinal canal represents the midsagittal diameter and is measured on transverse or sagittal images between the posterior margin of the vertebral body and the anterior border of the posterior vertebral elements (►Fig. 8). A cutoff value of 11 mm is considered the threshold for spinal canal stenosis at the level of L3 and L4.
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Midsagittal Diameter of Dural Sac
Next to the measurement of the absolute diameter of the dural sac (threshold value for spinal canal stenosis: 12 mm), the relative width can be determined alternatively. 14 
Herzog
et al determine the degree of the dural sac compression by comparing the AP diameter of the dural sac on the level of the stenosis with the normal width of the dural sac. 17 The measurement is performed on midsagittal MR images. This means the AP diameter of the dural sac on the level of the stenosis (disk level) as well as the AP diameter of the dural sac on the midvertebral levels (pedicular level) of the neighboring vertebral bodies are measured (►Fig. 9). The arithmetic average of both midvertebral diameters is considered the normal dural sac width. The percentage of dural sac compression is then calculated by dividing the AP diameter on the level of the stenosis by the normal width of the dural sac.
17
Implementing this parameter, Herzog and colleagues graded the compression of the dural sac (►Table 2).
Cross-Sectional Area of Dural Sac
The surface area of the dural sac can be fairly easily measured on transverse images on a computer-based workstation, so that the diagnosis of a spinal canal stenosis can be made with a defined area reduction. Different methods of measurement and thresholds concerning this issue have been described in the literature. 14, 18, 19 Transverse images angled vertically to the dural sac are required for this measurement (►Fig. 10). Moreover, T2-weighted images, which provide a good contrast between the dural sac and the neighboring canal structures, are recommended. The threshold of 100 mm 2 is an established and expressive value for the diagnosis of a spinal canal stenosis. In the study of Hamanishi et al, a surface area reduction < 100 mm 2 on two intervertebral levels was strongly associated with the clinical picture of a claudicatio spinalis.
18
Lateral Recess Height
The reduction of the lateral recess height of < 3 mm is considered evidence of a lateral recess stenosis. 14, 20, 21 The measurement is conducted on transverse images (optionally computed tomography [CT] or MRI).
14 The distance between the most anterior point of the superior articular facet and the Fig. 7 Physiologic sequence of intervertebral disk heights. L1-L2 < L2-L3 < L3-L4 < L4-L5 ! or < L5-S1. posterior margin of the vertebral body is measured (►Fig. 11).
Diameter of Foramen
The diameter of the neural foramina can be assessed best on sagittal MR or also CT images (►Fig. 12). The maximal anteroposterior diameter of the foramen is measured on sagittal images through the foraminal zone (see later). Alternatively, the measurements can be performed on transverse images. A measurement below the threshold of 3 mm indicates the presence of a foraminal stenosis. The width of the neural foramen has only been evaluated in a small number of studies.
14,15,22
Nomenclature and Classification of Lumbar Disk Pathology
A panel of experts with representatives of the North American Spine Society, the American Society of Spine Radiology, and the American Society of Neuroradiology developed a uniform nomenclature and classification of the pathologies of the lumbar intervertebral disks. 23 The previous widely used pathoanatomical classification of dorsal intervertebral disk protrusions was deliberately omitted because the anatomical elements (nucleus pulposus, posterior longitudinal ligament, etc.) that are relevant for the categorization of disk displacement cannot always be reliably identified on MR and CT images. Anterior thecal sac compression < 15% 15-30% > 30%
Posterior thecal sac compression < 10% 10-20% > 20%
In the following, the main elements of the classification are summarized (►Fig. 13). For the comprehensive and detailed study of this topic, the entire consensus paper is recommended, which is freely accessible online. By now this classification is accepted among radiologists as well as orthopedists and neurosurgeons and is widely used, rendering it highly recommendable for radiologic diagnosis. The classification is based on the subdivision of the intervertebral disk into four pieces each with a circumference of 90 degrees or 25% of the whole intervertebral disk circumference.
23
Bulging is defined as a generalized expansion of the intervertebral disk of > 180 degrees or 50% beyond the edges of the vertebral body. Typically the displacement measures < 3 mm. If the expansion prevails to one side, it is described as asymmetric bulging and typically occurs in scolioses due to the unequal distribution of pressure. In contrast a localized displacement of disk material is described as a herniation, if by definition < 180 degrees or 50% of the disk circumference is affected. The extent of disk displacement distinguishes a focal herniation (< 90 degrees or < 25%) from a broad-based herniation (< 180 degrees or < 50%).
The classification of a herniation as a protrusion or an extrusion depends solely on the size and form of the displaced material (independent of the nature of the displaced tissue). The basis of a protrusion is broader than its diameter toward the spinal canal, noting that this criterion must be observed on sagittal and transverse images. If the diameter of the protrusion toward the spinal canal is greater than its basis, it is considered an extrusion (►Fig. 13). 23 Furthermore, an extrusion is also present when the displaced disk material overlaps the level of the intervertebral disk on sagittal images.
If the displaced disk material shows no contact with the original intervertebral disk, it is called a sequester. Regardless of its proximity to the intervertebral disk, the cranial or caudal displacement of the intervertebral disk tissue on sagittal images is described as migration. If the intervertebral tissue is displaced craniocaudally through a defect of the end plate, it is defined as an intervertebral herniation.
For the description of the position of the displaced disk material within the spinal canal, anatomical landmarks are used to define zones on the transverse images and levels on the coronal and sagittal images.
23,24
The anatomical landmarks, which are used for the classification on the transverse images, are the medial edge of the articular facets as well as the medial and lateral border of the pedicles. The following zones are defined by these landmarks: central zone, subarticular zone, foraminal zone, and extraforaminal zone (►Fig. 14). 23, 24 Evaluation of the displaced disk material in the craniocaudal direction involves the following landmarks: the upper and lower borders of the pedicle as well as the upper and lower end plate of the vertebra. In accordance, the following levels are defined on sagittal images: disk level, suprapedicular level, pedicular level, and infrapedicular level (►Fig. 15).
Modic Classification
Degenerative bone marrow changes on MR imaging, caused by osteochondrosis, have been classified by Modic. In the first study published in the year 1988, type 1 and 2 were described, and in a second consecutive study, also published in 1988, the classification was extended to type 3.
25,26
Characteristic for type 1 are edematous or reactive inflammatory changes in the vertebral body adjacent to the intervertebral disk. In accordance a signal intensity decrease is found on the noncontrast T1-weighted images and a signal intensity increase on the T2-weighted images. The signal intensity on the T1-weighted images is characteristically slightly decreased compared with the normal bone marrow, but it does not reach the low signal intensity of the intervertebral disk itself. Type 2 changes are identified as high signal intensities on T2-and T1-weighted images. These changes account for the conversion of hemopoietic bone marrow to fatty bone marrow, most likely caused by the occurrence of ischemia. 25, 27 In type 3, signal intensity decreases on T1-as well as on T2-weighted images, generally attributed to sclerotic changes. 26, 27 Fairly uncommon are findings of different types (1/2 and 2/3) next to each other in one motion segment, which has been interpreted as the transformation from one stage to the next.
27,28
The clinical significance of the bone marrow changes detected by the MRI has been discussed controversially in the literature. It is commonly accepted that they belong to the framework of the physiologic aging process, characterized by a progression of stages from type 1 to type 3. Nevertheless, a conversion from the fatty degeneration type 2 to an activated type 1 due to an altered physiologic stress situation is possible.
27 It is also proven that type 1 changes strongly correlate with lower back pain and segmental instability. Therefore the detection of Modic type 1 in a degeneratively altered segment is an important criterion to evaluate the segment as symptomatic and is considered a strong predictor for a good postoperative outcome after segment stabilization. 
